Laboratory experiments were conducted in which a rotating basin of stratified salty water in a field of gravity with a free surface was connected to a basin of fresh water by a narrow, shallow channel. The resulting density-driven flow in the channel consisted of two currents: a freshwater flow at the top from the fresh basin to the salty basin and a saltwater flow at the bottom in the opposite direction. It models the flow in the Strait of Gibraltar, which connects the Atlantic Ocean to the saltier Mediterranean Sea.
The apparatus and runs follow the experiments by Whitehead and Miller [1979] , which will briefly be reviewed.
The 2-m diameter rotating basin of the Woods Hole Oceanographic Institution was used with a basin of constant depth that had a barrier down the middle. In the center of the barrier was a passageway with a sliding gate. The passageway was so constructed that walls along the entrance and exit of the passageway had curvature of a known radius. Each basin was filled with 5 cm of water, the gate was closed and sealed with a bit of vacuum grease, then salt was thoroughly mixed into the side corresponding to the Mediterranean. After the mixing turbulence had subsided, the gate was lifted, and the lock exchange flow was observed. Of immediate interest was the concentrated current of Atlantic water that leaned onto the right-hand wall as it flowed into the Mediterranean. The central finding (see Figure 1) was that if the radius of curvature of the right-hand exit wall were less than the Rossby radius of deformation (g'H/f2) •/2 (where g*= gAp/p is reduced gravity, H is depth of the water, and f is the Coriolis parameter), the jet of Atlantic water would detach from the right-hand wall, curve to the right with arc of a Rossby radius, and impinge on the wall. A growing gyre was consistently observed to form between the jet and the wall. The mechanism of gyre initiation was connected with flow separation; too great a wall curvature generated a counterflow pressure gradient at the wall that initiated a counterflow. The mechanism of gyre growth appears to be associated with the dynamics of the stagnation point region where the jet reimpinges at the wall. Some fluid is constantly deflected to the right into the separation region, and such deflection is consistent with the basic dynamics of stagnation points of a rotating baroclinic jet [Whitehead, 1985] . Thus the volume between the gyre and a flat wall must constantly grow until some sidewall topography stops the growth. An experiment with an increase in complexity is the subject Since there will be comparisons between flow in the model and geographical basins, a nomenclature that clearly distinguishes the two is vital. When describing the actual geographic region, full spelling will be used; when describing the laboratory analog, a three-letter abbreviation will be used. Hence the laboratory basin corresponding to the Mediterranean will be called the Med., and likewise Alb. will correspond to Alboran Sea (the region of the Mediterranean close to Gibraltar). Gib. will correspond to Gibraltar, Atl. will correspond to Atlantic, Spa. will correspond to the coast of Spain, and Afr. will correspond to the coast of Africa. Likewise, lengths observed in experiments will be reported in centimeters (cm) and time reported in seconds (s). In the oceanographical context, distance and time units will be reported in meters (m), kilometers (km), and days.
The geometry selected, and sketched in Figure 2 , consisted of a channel 20 cm long x 5 cm wide separating the Atl. basin from the Med. basin. In contrast to the uniform depth in Whitehead and Miller [1979] the Atl. and Med. basins were 24 cm deep, and the Gib. was 6 cm deep, corresponding to the very reasonable depths of 1200 m and 300 m for the AlboranMediterranean Sea complex and the Strait of Gibraltar, respectively, using a vertical scale factor of 2 x 10-'L The scal- *Only one color was used in this experiment, so it was not possible to discriminate between uplil• of dye from the 6-, 10-, and 14-cm-deep probes.
•Dye from 11 cm immediately rose to 9 cm, so depth of 9 cm was assigned. $Only a bit of the fluid got over from 15 cm depth, then it stopped. To investigate selective withdrawal in a stratified Med., waters in the Med. side were continuously stratified from top to bottom. Also, density differences between surface waters of the two basins were selected so that a direct scaling (see section 3) existed between the laboratory parameters and the oceanic values. The main experimental challenge was to generate the stratified fluid in the Med. while rotating. This is not easily accomplished because spinning stratified fluid has a long spindown time, so any differential forces on the fluid as it is being introduced to the basin will make long-lived eddy currents.
In the first procedure tried, both the basins were filled with fresh water to 24 cm depth, and a sliding gate was inserted in which corresponds to a salinity change from 1.00% by weight at the top to 1.25% by weight at the bottom. If this scaling is followed, and if selective withdrawal is due to suction from steady inertial currents, we expect the water to be selectively withdrawn from a depth in the Med. whose proportion to the depth of Gib. is the same as the depth of the selective withdrawal of the Mediterranean in proportion to the depth of Gibraltar. For rotating inertial problems the time scale is f, the Coriolis parameter. The laboratory experiment has a 25-s period, and this corresponds to a period of earth rotation of 24 hours divided by the sine of 36 ø or 40.8 hours. Thus, 1 s of laboratory time corresponds to 1.63 hours in the Mediterranean.
THE EXPERIMENT
Final experimental runs from which data were taken are summarized in Table 1 . Three general classes of experiments were done. In the first runs (1 + 2) the experimental procedure used by Whitehead and Miller [1979] of taking streak photographs of surface pellets in black fluid was duplicated. These demonstrated the existence of a gyre of Atl. water when the coast of Afr. cut north-south and the absence of a gyre when an east-west false wall was present. In the second class (runs 3-7, 10, 13, 14, and 16) the stratification of the Med. was systematically varied to be less than, equal to, or greater than the scaled equivalent of the stratification of the Mediterranean. The depths below surface for which dyed fluid was pulled up and over the sills are given in the table. In the third class (runs 8, 9, 11, and 12), artificial barriers were emplaced in such a way as to stop or retard the Alb. gyre and to measure the effect of this on uplift. A small but systematic decrease of uplift was found when the gyre was absent. For runs 4-16, trajectories of the injected dye fronts were determined from the photographs and are shown in Figures 6-10 and 12-14 . Figure 4 shows some of the 6-s time exposures of run 1. To make these photographs, paper pellets were floated on top of the water, and the bottom of the container was painted black. In contrast to experiments by Nor [1978a, b], the jet of Atl. water did not deflect to the left but deflected to the right. As in Whitehead and Miller [1979] , this generated a separation point in the Alb. side, and subsequently, the experimental Alb. gyre grew. At 4 min the Atl. water had encircled the Med. and impinged upon the gyre. A sidewall jet encircling the Med. basin and terminating the experiment by impinging on the gyre was familiar to us from previous experiments. Based on this, it was decided that the maximum time for which all subsequent experiments should be run would be 4 min. The features described here--a current initially deflecting to the right, the formation of a gyre, and the growth of an Alb. gyre from 30 s to about 4 min--were completely visible to us for all runs through the occasional use of paper pellets strewn on the surface.
It is useful to compare the gyre of Figure 4 with one infrared image of the gyre in the Alboran Sea in Figure 5 . It is similar to those in LaViolette [1984] , and although one of the best images yet, poorer ones do not generally have an image of the gyre missing. In both this laboratory experiment and in the Alboran Sea, the gyres are robust, relatively steady coherent circulations that are clearly indicated by circulations of passive markers in the surface waters.
In the next experiments, numbers 3-7 and 10, 13, and 14, the density differences caused by stratification in the Med. were made to be 0, 8, 25, and 50% of those resulting from the difference in salinity between Med. and Atl. As reviewed in section 3, the 25% stratification corresponds most closely to the actual situation in the Mediterranean. The 8% density difference has one third the stratification of the Mediterranean, and the 50% density difference has twice the stratification. In order to visualize flows in the interior of the Med., a number of injection tubes were located at different levels. These were fed with a slow supply of dyed salty water, that water being prepared by withdrawing an in situ sample of water after the stratified water is emplaced in the Med., by then dying the sample, and finally by allowing a slow return of the dyed water through the injection tube during the experiment. Prior to these runs, the floors were painted white to allow the dyes to be readily visible from above. Although the complete set of experiments was photographed in color, the photographs are generally not useful for understanding the sequence of events because the time sequence of the movement of the dye is more useful than the instantaneous position of the dye as revealed by a single photograph. However, two color plates have been included to show the best photographs. Plate 1 shows a sequence of these photographs in which red dye is injected at three depths in the Med., and blue dye is injected at Gib. The blue dye flows into the Med. and reveals the surface gyre. The scaled stratification is one third of the most correct stratification. It is apparent in the side-view mirror that red dye is substantially uplifted into Gib.
Plate 2 shows what we consider to be the best photograph of the complete flow pattern with the correctly scaled stratification. The yellow, red, and blue dyes from 6, 10, and 14 cm depth are strongly drawn up and out of Gib.
In all, 388 color slides and 72 black-and-white streak photo- Table 1. depth was observed, uplift from the equivalent of 900 m depth did not take place. These important observations were confirmed later by three more runs (10, 12, and 16), which served as reproducibility checks. Their results are shown in Figures  9(a, b) and 10.
For all the runs with the correct scaling, the most dramatic uplift is visible at the coast of Afr. from depths as great as the equivalent of 750 m but less than 900 m. The plume of uplifted water moved up the slope and then across the slope to the channel that served as Gib.
The role of uplift near the Afr. coast is highlighted by Figure 10 , in which dye was emplaced close to Gib. (but offshore, in deep water), and later some pellets of potassium permanganate were dropped near the coast of Afr. The pellets left a vertical columnar cloud of dye whose outline was traced, and the column was clearly lifted up and out. In contrast the patch of dye near but offshore of Gib. was relatively quiet.
The coupling between the surface gyre and the deep Med. water going out appears to be important, but its nature is not yet understood. Dyed water, denoting the gyre, is visible in Plate 1, and its trajectory is shown in Figure 6 . Selective withdrawal precedes the arrival of the dyed water, but perhaps it does not precede the first arrival of Atl. water to the coast of Afr. Selective withdrawal occurring nearly simultaneously with the formation of the Alb. gyre is consistent with the data, but whether the two are completely interrelated is not completely clear.
Because of these questions, further experiments were done in which false walls were emplaced so that the surface gyre was either weaker or nonexistent. In addition, dye was injected at different places. These runs (8, 9, 11, and 12) made it clear that the most dramatic uplift of dye was visible at the coast of Afr. rather than offshore of Gib. and most strongly in conjunction only with the Alb. gyre.
The consequence of a false wall to the Alb. gyre is clear. A false wall was emplaced as shown by the long double-dashed line in Figure 2 . A 6-s time-lapse exposure of white particles over a black bottom is given in Figure 11 . No gyre was formed, and there was no deflection of the Alb. jet to the left or right. The current went straight into and along the (false) Afr. coast. Figure 12(a-c) (runs 8, 12 , and 11) shows dye trajectories for three false wall experiments. Selective withdrawal was from less than the equivalent of 650, 700, and 600 m, respectively, which is smaller than the 900 m for the experiments without false walls (i.e., with the gyre), but not dramatically so. Figure  13 shows a run in which a barrier decreased the strength of the gyre. Selective withdrawal was from less than 11 cm (550 m). Finally, a run was done with no rotation. Selective withdrawal was from less than 16 cm (800 m) (see Figure 14) . 
